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Abstract
Study Design. Retrospective study of 175 patients with hereditary motor and
sensory neuropathy (HMSN), i.e. Charcot-Marie-Tooth (CMT) Disease
Objective: To investigate the frequency, age of onset, character, familial and
genotypical incidence of spinal deformities among HMSN patients.
Summary of Background Data: Prior studies addressing HMSN discuss the
associated spinal deformities. However these data vary significantly, while
inconsistently including genotypes within the classification framework.
Methods: Plain-film radiographic spine studies of 175 HMSN patients were
performed to determine the incidence, character, and severity of spinal deformity.
The degree of the spinal deformity was evaluated measuring Cobb’s angle of the
main curve. The results of the entire cohort were initially assessed before being
classified by genotype.
Results: The incidence of spinal deformity for the entire group was 26%. Of these,
58% demonstrated scoliosis, 31% had kyphoscoliosis and 11% had thoracic
hyperkyphosis. 73% of patients with spinal deformity were classified as HMSN
type I with confirmed duplication of the PMP 22 (peripheral myelin protein) gene
on chromosome 17. The incidence of spinal deformity by genotype was:
duplication of the PMP 22 gene: 29%; deletion of the PMP 22 gene: 0%; Cx32
(connexin 32) gene mutation: 24%; and MPZ (myelin protein zero) gene mutation:
100%. Familial incidence of spinal deformity was found in “MPZ gene mutation”
and “duplication of PMP 22 gene” subgroups.
Conclusions: The study demonstrates as 26 % incidence of spinal deformity
among HMSN patients. Spinal deformity was most frequently observed in patients
with the MPZ gene mutation, where the most common familial incidence was also
found.
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Key Points:
 A group of 175 HMSN patients was analyzed.
 Spinal radiographs of the entire cohort demonstrated spinal deformity in 45
(26%) patients.
 Four genotypes were found (duplication or deletion of the PMP 22 gene on
chromosome 17, mutation of the Cx 32 gene and mutation of the MPZ gene).
 Spinal deformity rates varied significantly by genotype. The highest
percentage incidence of spinal deformity was found in patients
demonstrating the MPZ gene mutation (100%).
 Familial incidence was observed in 4 families. The mutation MPZ gene
mutation was confirmed in three of these.
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Mini Abstract/Précis
We performed radiographic analyses on 175 HMSM patients. Spinal deformity was
present in 45 patients (26%), with incidence rates varying by genotype. Spinal
deformity prevalence by genotype was greatest with the MPZ mutation (100%).
Familial incidence was found in four families, with the MPZ mutation noted in
three.
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Introduction
Emerging technologies investigating the human genome have provided new
impetus in the search for etiological factors of, and therapeutic strategies for, spinal
disorders. This study investigates the genotypical relationships between a
neuropathy and associated spinal deformity.
Hereditary motor and sensory neuropathy (HMSN) is the most common type of
inherited polyneuropathy, with an incidence rate of 1:2,500 (1). The disease is also
called Charcot-Marie-Tooth (CMT) disease, after the authors who first described
the disorder (2).
There are several classification schemes utilized for HMSN (3, 4, 5). For the
purposes of this study, the EMG classification has been used (4). Depending on
median nerve conduction velocity, one can distinguish the demyelinating type, also
called HMSN type I from axonal HMSN type II. Table 1 describes this
classification system.
Both HMNS types (i.e. I and II) are genetically heterogeneous, resulting from
various genetic defects (genotypes), each presenting with a specific clinical picture
or phenotype. The most common is duplication or deletion of the PMP 22 gene at
chromosome 17, which results in the either the phenotype CMT 1A or HNPP
(hereditary neuropathy with liability to pressure palsies). The second most common
is the mutation of the gene for connexin 32, which is responsible for the phenotype
CMTX. Less common are mutations of MPZ gene resulting in a variety of
phenotypes, including Dejerine-Sottas syndrome. Mutations in newly recognized
genes related to HMSN are less frequent, although these are currently a topic of
intensive investigation (6).
Clinically, HMSN patients often initially present with bilateral distal muscle
weakness of the lower extremities, which later involves the distal musculature of
the upper extremities. Abnormal gait, deformity of the feet and sensory deficit of
1
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the legs is also typical (4,7,8). Some patients also have spinal deformities. In some
cases, the spinal deformities are quite noteworthy and may even be the most
significant sign of the disease (7).
Historically, the literature regarding HMSN only marginally discussed spinal
deformities (4, 6, 7) or mentioning the topic from a surgical perspective (9, 10).
Later, however, Walker et al emphasized the topic of HNMS-related spinal
deformities, providing greater depth and detail to the subject than had been
previously published (11).
The “Scoliosis Research Society” classifies spinal deformity in HMSN as
neuromuscular (neurogenic) deformity (12-15). The group of neuromuscular
scolioses is etiologically heterogeneous. However, they do share common features,
such as early onset and rapid progression during skeletal maturation. Also, the
scoliosis can progress after skeletal maturation has been completed (12, 13). This
applies to HMSN-related spinal deformities as well. The curvatures are typically
described as relatively long (i.e. encompassing several vertabrae), extending at
times to the sacrum. The thoracic and lumbar spinal regions are frequently both
involved and may also be combined with pelvic obliquity (16, 17).
The aim of our study was to provide additional information regarding the incidence
and character of the spinal deformities in HMSN and to clarify their correlation to
different genotypes.

Material and methods
175 patients in the Czech Republic who were clinically diagnosed with HMSN
were enlisted for this study. Diagnoses were confirmed by electromyography
(EMG) and DNA analysis, or by EMG alone (in the absence of confirming
genotypical markers).
All of the patients were clinically examined during the years 2000 – 2005. Standing
anterior-posterior and lateral radiographs of the cervical, thoracic and lumbosacral
spinal regions were performed to identify the presence, character (i.e.
hyperkyphosis vs. lateral curvature), and degree of spinal curvature. Cobb angles
2
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were determined for any frontal and sagittal plane deviations (18). In accordance
with the “Scoliosis Research Society”, we have defined scoliosis as a lateral spinal
curvature with a Cobb angle exceeding 10 degrees, while all kyphotic curvatures
over 40 degrees were considered pathological (19). For the purpose of this paper,
the primary (i.e. greatest), or main, curve is reported here, even in cases where
multiple scoliotic curves were present. The curvature location was defined as
‘thoracic’ if the apex was located between T2 and T10, ‘thoracolumbar’ if the apex
was between T11-L1, and ‘lumbar’ if the apex was between L2-L4.
We initially analyzed the degree and character of the deformities first for the entire
group, and later according to individual genotypes. Then, additional observations
regarding family members within this group were noted. These data were then
analyzed to note significant results.
Results
Of the 175 patients, EMG studies indicated 145 patients (83%) were classified as
HMSN type I, while the remaining 30 patients (17%) were HMSN type II (Table
1).
Of the entire 175 patients, spinal deformity was radiographically confirmed in 45
patients (26%), 17 males and 28 females. The age interval of this subgroup was 1164 years and the average age 36. Nine (20%) patients were younger than 20 years.
37 (82%) patients with spinal deformity were classified as HMSN type I, while 8
patients (18%) as HMSN type II (Table 1).
Genetic etiology was identified in 147 of the 175 patients. Table 2A describes the
reported incidence of specific genetic defects. The primary cause of the HMSN of
the remaining 28 patients, despite thorough testing for the most common genetic
mutations, remained unclear. There were 102 females and 73 males in the study,
the average age being 34.
Classification of the 45 spinal deformity patients, according to individual genotype,
is demonstrated in table 2B.
Table 3 shows the incidence of spinal deformity in terms of different genetic
subgroups in the 175-patient cohort.
Table 4 demonstrates the classification of the patients’ spinal curvatures by the
severity.
3
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We have identified 3 types of spinal deformities: 26 (58%) patients demonstrated
scoliosis, 14 (31%) patients were found to have kyphoscoliosis and isolated
hyperkyphosis of the thoracic spine was present in 5 patients (11%). Table 5
provides additional information regarding the scoliotic curves, their corresponding
spinal level, side of the primary curve, and whether single, double or multiple
curvatures are present.

Discussion
In this cohort of 175 HMSN patients, those with a deviation of the spinal axis were
found in 45 patients (26%). Data published on this topic by other authors vary from
our results. These prior authors reported smaller incidence rates of spinal deformity
among HMSN patients. Daher (9) and Shapiro and Bresnan (20) reported incidence
rates of 10%, while Kamp noted a rate of 15% (21). However, comparing these
published data is difficult, because they do not consistently provide inclusion
criteria necessary to define pathological spinal curvature.
Walker et al (11) described a greater incidence of spinal axis deviation in HMSN
patients than does this study. In a group of 100 children with HMSN, they
identified spinal axis deviation in 37 cases (37%). They included, consistent with
our criteria, only scoliotic curves over 10 degrees and kyphosis over 40 degrees,
each according to Cobb. Therefore, these results are comparable with ours.
Our study is consistent with previous studies (9, 11, 20) that report markedly higher
incidence rates of HMSN-related spinal deformity than in the general population.
These rates are also much higher than those reported for idiopathic scoliosis, the
most common type of scoliosis (14). However, the reported incidence rates of
idiopathic scoliosis vary quite significantly. Depending on the definition, number
of radiographs taken and number of individuals in the cohort, the incidence has
been reported as little as 0.4% to as high as 13.6%. (22-27).
The incidence of HMSN-related scoliosis is comparable to the incidence of
scoliosis associated with cerebral palsy (also is classified as a type of
neuromuscular scoliosis), which has been reported to be 25% (12).
Spinal deformity was present in 25.5% of the HMSN I subgroup, and 27% of the
HMSN II subgroup. Therefore, our findings lead us to conclude that HMSN II
4
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patients have a higher spinal deformity rate than HMSN I patients. These findings
differ with the observations of Harding and Thomas (4), who reported an incidence
of spinal deformity in HMSN I of 14%, yet only 3.6% in HMSN II.
As expected, very significant spinal deformity was found in all 6 Dejerine-Sottas
syndrome (demyelinating type, MPZ mutation) patients where severe neurological
disturbances are always present (7, 8, 28).
Garcia reported that scoliosis occurs rarely among HMSN patients and, when
present, is usually mild with a very slow progression. However, he noted that
juvenile hyperkyphosis (aka Scheuermann’s disease) is more characteristic of the
disease and may be quite severe in a few patients (29). Walker et al’s study stated
that scoliosis and kyphoscoliosis were relatively prevalent, while the least frequent
was isolated (i.e. non scoliotic) thoracic hyperkyphosis (11).
Our results are more consistent Walker et al’s, as the most frequent type of
deformity of our group was scoliosis (58%, 26 of 45 patients), followed by
kyphoscoliosis (14 patients, i.e. 31%), with the least frequent being isolated
thoracic hyperkyphosis (5 patients, i.e. 11%).
Our data did not note a familial incidence of Scheuermann’s disease among the
cohort, a finding that is in contrast to the study by Kevalramani (30). In addition,
all patients in our study with Dejerine-Sottas syndrome (demyelinating)
demonstrated either severe scoliotic or kyphoscoliotic spinal deformities.
Walker et al (11) describes the character of spinal deformities of his study in
detail. They most frequently observed a single thoracic curvature followed next by
patients with a double curve. There was no difference in the incidence of levorotatory versus dextro-rotatory scoliosis. They also observed a less frequent
incidence of associated kyphosis than has been published in other papers. As table
5 indicates, our cohort demonstrates that 21 patients of 40 (i.e. 52%) with scoliotic
spinal axis deviation had double curves, while the single curves were less common
(15 patients, i.e. 38%). The remaining 4 patients (i.e. 10%) demonstrated multiple
(i.e. >2) scoliotic curves. In this respect, our findings differ from Walker et al (11),
who found the single curves to be the most frequent in their study.
Of the entire group of 40 scoliotic patients the main thoracic curve was right-sided
in 18 patients (45%) and left-sided in 13 patients (32.5%). The main curve of the
remaining 9 patients (22.5%) was present in lumbar segments (5 levorotatory and 4
dextrorotatory). The 45% to 32.5% ratio is noteworthy and differs from idiopathic
5
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scoliosis ratios, where most thoracic curves are right-sided. For example, McCarver
found that only 2.3% of 550 patients with idiopathic scoliosis had a primary left
thoracic curve (31). Some authorities even suggest that any left thoracic curve,
especially in children, should be evaluated for another underlying etiology (32-33).
However, Goldberg at al states that the lateralization of scoliotic curve is not a
reliable indicator of underlying disease, because right thoracic curve patterns are
always more common in scoliosis developing after infancy (34). In contrast to our
findings, Kouwenhoven at al reported that a cohort of neuromuscular 198 patients
with Duchenne muscular dystrophy, cerebral palsy, spinal muscular atrophy, or
spina bifida demonstrated curve patterns similar to what is seen in the most
prevalent types of adolescent idiopathic scoliosis (35).
The most severe scoliosis from this cohort, which also demonstrated a rapid
progression of deformity, was observed in the Dejerine-Sottas syndrome with MPZ
gene mutation (Fig. 1).
Genotypical Analysis
We are not aware of any papers reporting subdivisions of spinal deformities in
HMSN by genotype. These data were therefore critical for our study. The results,
as shown in table 3, indicate that majority of our HMSN patients with spinal axis
deviation were diagnosed with the PMP 22 gene duplication localized on
chromosome 17 (i.e. CMT 1A phenotype). These results were not surprising, since
this was the largest subgroup by genotype (50%) of the 175 patients, as
demonstrated in Table 2A. There were 25 patients (29% of this subgroup) with
spinal deformity. Most of the other patients with spinal deformity were either
diagnosed with a mutation of CX 32 gene (8 patients – 24% of that subgroup) or
MPZ gene mutation (6 patients – 100% of that subgroup). The five remaining
patients with no identifiable genetic defect, spinal axis deviation was present in 2
(40% of that subgroup).
It is noteworthy that spinal deformity was diagnosed in all 6 patients with the
genotype “MPZ gene mutation”. We therefore found the highest relative incidence
of spinal deformity in this genotype. However, the relatively small sample size
allows us to suggest, but not conclude, that the MPZ gene mutation is more
frequently related to spinal deformity than the other genotypical subgroups here.
The most frequent types of deformities among the MPZ gene mutation patients
were kyphoscoliosis and isolated thoracic hyperkyphosis, while the remaining
6
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genotypes more commonly demonstrated scolioses with a double curvature. Two of
the contributors to this study have previously published a paper reporting the
occurrence of spinal deformity in patients diagnosed with MPZ gene mutation (36),
and all 6 of the MPZ patients from this study were included in that study. Two
other published studies have also addressed these issues (37, 38).
Finally, spinal deformity was also identified in the only patient in the Czech
Republic with the very rare mutation of the EGR (early growth response) gene.
This case report was previously published in a different paper (39) and is also a part
of this cohort.
Familial Analysis
The familial incidence of the HMSN-related spinal deformities of our patients was
also investigated. Deformities were present in four families.
The subgroup of patients with PMP 22 gene duplication demonstrated a familial
incidence of deformity in one family with 2 members affected (father and son).
Their spinal contours are strikingly similar (Fig 2).
The familial incidence of the spinal deformity was mainly observed in the subgroup
with MPZ mutation, with all 6 patients affected. Members from three separate
families were affected, with the relationship in each case being mother and son.
Figure 3 demonstrates the similarities of spinal curvatures among one of the
mother-son couples.
Aside from the PMP 22 gene duplication and MPZ mutation mentioned above, no
familial incidence was observed in any other genotypes.
Conclusions
This study presents important new information regarding the relationship between
175 HMSN patients and spinal deformity. We report a 26% incidence of spinal
deformity among this cohort, an incidence rate far superior to that of idiopathic
scoliosis. The most common type of spinal deformity was scoliosis with a double
curvature, with the main curve located at the thoracic level. Females were affected
more frequently with spinal deformity. Of these, 82% of the patients with spinal
axis deviation were classified HMSN I. The majority of the patients (56%) with
7
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spinal deformity were those with the PMP 22 gene duplication localized at
chromosome 17. The findings of this study suggest that the incidence of spinal axis
deviations varies by genotype. The greatest incidence of the spinal deformities was
found in the subgroup of patients with the MPZ gene mutation. A familial
incidence of the spinal axis deviation was observed among two genotypes, those
with the PMP 22 gene mutation and MPZ gene mutation).

8
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Figures
Fig l
This is a radiographic demonstration of the progression of spinal curvature of a
female with Dejerine – Sottas syndrome (MPZ mutation). The left radiograph was
taken at age 12, with a Cobb angle of 55 degrees apexing at the level of T9/10. The
right radiograph was taken 2 years later, noting an increase in the Cobb angle to 77
degrees.
Fig 2
Spinal deformities in two related (i.e. father and son) patients with PMP 22 gene
duplication (CMT 1A phenotype)
AP and lateral radiographs
Left radiograph: Spinal deformity in father (50 years)
Right radiograph: Spinal deformity in son (22 years)
It is apparent that spinal deformities are of similar character, with the more severe
deformity present in the father.
Fig 3
Spinal deformities in two related (i.e. mother son) HMSN patients with the MPZ
gene mutation
Mother and son (AP and side radiograph)
Left radiograph: Spinal deformity in mother (50 years)
Right radiograph: Spinal deformity in son (25 years)
Note the similarity of the spinal deviations.

9

* References (cited in order of appearance)

Spinal deformities in HMSN

References:
1. Skre H. Genetic and clinical aspects of Charcot-Marie-Tooth´s disease. Clin.
Genet l974;6: 98- 118.
2. Smith AG. Charcot-Marie-tooth disease. Arch Neurol 2001;58(6):1014-6.
3. Dyck PJ, Chance P, Lebo R at al. Hereditary motor and sensory neuropathies. In:
Dyck PJ, Thomas PK, Griffin JW et al, ed. Peripheral Neuropathy, 3rd ed.
Philadelphia: W.B. Saunders Company, 1993; 1094-1136.
4. Harding AE, Thomas PK. The clinical features of hereditary motor and sensory
neuropathy types I and II. Brain 1980; 103: 259-80.
5. Davis CJ, Bradley WG, Madrid R. The peroneal muscular atrophy syndrome:
clinical, genetic, electrophysiological and nerve biopsy studies. I. clinical, genetic
and electrophysiological findings and classification. J Genet Hum 1978;26:311-49
6. Pareyson D. Diagnosis of hereditary neuropathies in adult patients. J Neurol
2003; 250: l48-60.
7. Lovelace RE, Rowland LP. Hereditary neuropathies. In: Rowland LP, ed.
Merritt’s Textbook of Neurology. USA:Williams& Wilkins, 1995:651-7.
8. Mumenthaler M, Mattle H. Polyradiculitis and polyneuropathy. In: Mumenthaler
M, ed Neurology. NY: Georg Thieme Verlag, 2004:575-616
9. Daher HY, Lonstein JE, Winter RB at al. Spinal deformities in Patients with
Charcot-Marie-Tooth disease.A review of l2 Patients. Clin Orthop Relat Res 1986;
202: 219-22.
10. Hensinger RN, Mac.Ewen GD. Spinal Deformity Associated with Heritable
Neurological Conditions: Spinal muscular atrophy, Friedreich´s Ataxia, Familial
Dysautonomia and Charcot –Marie-Tooth Disease. J Bone Joint Surg Am 1976; 58:
13 - 24.
11. Walker JL, Nelson KR, Stevens JP et al. Spinal Deformity in Charcot-MarieTooth Disease. Spine 1994; 9: 1044 – 7.
12. Mehta JS, Gibson MJ. The treatment of neuromuscular scoliosis. Curr Orthop
2003; 17: 313 – 21.
13. McCarthy RE. Disorders of the pediatric and adolescent spine. Orthop Clin North
Am 1999; 3: 435-49.
14. Goldstein LA, Waugh TR. Classification and terminology of scoliosis. Clin
Orthop Relat Res 1973;93:10-22
15. Lowe T, Berven S, Schwab FJ et al. The SRS classification for Adult Spinal
deformity: Building on the King/Moe and Lenke Classification Systems. Spine
2006; 1; 31(19 Suppl):S119-25
16. Fisk J, Bunch W. Scoliosis in neuromuscular disease. Orthop Clin North Am
1979;10: 863.

Spinal deformities in HMSN

17. Shook J, Lubicky J. Paralytic scoliosis. In Bridwell K, DeWald R, ed. The
Textbook of spinal Surgery. Philadelphia, Lippincott-Raven, l997: 839.
18. Cobb J. Outline for the study of scoliosis. Instructional course lectures. J Am
Orthop. Surg 1948; 5: 261-75.
19. Propst-Proctor SL, Bleck EE. Radiographic determination of lordosis and
kyphosis in normal and scoliotic children. J Pediatr Orthop 1983; 3: 344 – 6.
20. Shapiro F, Bresnan MJ. Current Concepts Review. Orthopedic Management of
Childhood Neuromuscular Disease. Part II : Orthopedic Management of Childhood.
J bone ad Joint Surg 1982; 64A: 949-53.
21. Kamp JJ. Orthotic management of Charcot –Marie- Tooth. Journal of
prosthetics and orthotics 1994; 6 (4): 108-12.
22. Goldberg CJ,Fogarty EE, Moore DP et al. Scoliosis and developmental theory:
adolescent idiopatic scoliosis. Spine 1997;22:2228-37.
23. Lonstein JE, Bjorklund S, Wanninger MH et al. Voluntary school screening for
scoliosis in Minnesota. J.Bone Joint Surg.Am. 1982;64:481-8.
24. Wiggins GC, Shaffrey CI, Abel MF at al. Pediatric spinal deformities.
Neurosurg Focus 2003;14:e3.
25. Grivas TB, Koukos K, Koukou UI et al. The incidence of idiopathic scoliosis in
Greece . Analyais of domestic school screening programs. Stud Health Technol
Inform 2002;91:71-5.
26. Rogala EJ, Drummond DS, Gurr J. Scoliosis: incidence and natural history. A
prospective epidemiological study. J Bone Joint Surg Am 1978;60:173-6.
27. Brooks HL, Azen SP, Gerberg E at al. Scoliosis: A prospective epidemiological
study. J Bone Joint Surg Am 1975;57:968-72.
28. Warner LE, Hilz MJ, Appel SH, et al. Clinical phenotypes of different MPZ
(P0) mutations may include Charcot-Marie-Tooth type 1B, Dejerine-Sottas and
congenital hypomyelination. Neuron 1996; 17: 451-60.
29. Garcia CA. The clinical features of Charcot-Marie-Tooth disorders. In: Parry
GJ,ed. Charcot-Marie-Tooth Disorders: A handbook for Primary Care Physicians ,
Charcot- Marie - Tooth Association, PA, 1995: 4-17.
30. Kewalramani LS, Riggins RS, Fowler WM. Scheuermann´s Kyphoscoliosis
Associated With Charcot-Marie-Tooth Syndrom. Arch Phys Med Rehabil 1976; 57:
391-7.
31.McCarver CL, Levine DB, Velaskis K. Left thoracic curve patterns in idiopathic
scoliosis. J Bone Joint Surg Am 1971;53:196
32. Winter RB, Lonstein JE. In: Rothman RH, Simeone FA. The Spine.
Philadelphia: Saunders, 1992; 400
33. Schwend RM, Henrikus W, Hall JE, Emans JB. Childhood scoliosis : Clinical
indications for magnetic resonance imaging. J Bone Joint Surg Am 1995;77:46-53

Spinal deformities in HMSN

34. Goldberg CJ, Moore DP, Fogarty EE at al. Left thoracic curve patterns and
their association with disease. Spine 1999;24:1228-33.
35. Kouwenhoven J-W M, Van Ommeren PM, Pruijs HE at al. Spinal
decompensation in neuromuscular disease. Spine 2006;31,E188-91.
36. Seeman P, Mazanec R, Horacek O, et al. Divergent phenotypes of CharcotMarie-Tooth disease: demyelinating with childhood onset and axonal with late
onset and slow pupillary reaction, resulting from different myelin protein zero
(MPZ, P0) gene mutations. Ces a slov Neurol Neurochir 2004; 5: 321-9.
37. Kochanski A, Drac H, Kabzinska D et al. A novel MPZ gene mutation in
congenital neuropathy with hypomyelination. Neurology 2004;62: 2122-3.
38. Komiyama A, Ohnishi A, Katsuhiko I, et al. De novo mutation (Arg98 – Cys)
of the myelin P0 gene and uncompaction of the major dense line of the myelin
sheath in a severe variant of Charcot-Marie-Tooth disease type lB. Journal of
Neurological Sciences 1997; 149: 103-9.
39. Mikesova E, Huhne K, Rautenstrauss B et al. Novel EGR2 mutation R359Q is
associated with CMT type 1 and progressive scoliosis. Neuromuscular Disorders
2005; 15: 764-7.

Tables

Spinal deformities in HMSN

Table 1
EMG classification of HMSN
The results of EMG classification in our 175 cohort (4th and 5th slopes of the table)
EMG type

HMSN type I
Demyelinating
HMSN type II
Axonal

Median nerve
conduction
velocity
(MCV-m/s)

Compound
muscle
action potential
(CMAP – mV)

Number of
patients
in all cohort
n=175

Number of patients
with spinal
deformity
n=45

≤38

CMAP ≥4.0

145 (83%)

37 (82%)

> 38

CMAP ≤ 2.0

30 (17%)

8 (18%)
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Table 2
A. Incidence of particular genetic defects in the entire cohort of 175 (n) HMSN
patients
B. Subgroups of 45 (n1) HMSN patients with spinal deformity by genotype

Genetic defect (genotype)
PMP 22 gene duplication at chromosome 17
Phenotype CMT l A
PMP 22 gene deletion at chromosome 17.
Tomaculous neuropathy phenotype (HNPP)
Cx 32 gene mutation
Phenotype CMT X
MPZ gene mutation
Phenotype CMT 2, Dejerine – Sottas
syndrome
Rare genotypes
Genetically uncertain

A. Number of
patients
(n=175)

B. Number of patients
with spinal deformity
(n1=45)

87 (50%)

25 (56%)

15 (9%)

-

34 (19%)

8 (18%)

6 (3.5%)

6 (13%)

5 (2.5%)
28 (16%)

2 (4%)
4 (9%)

Tables

Spinal deformities in HMSN

Table 3
Incidence of spinal deformities in different subgroups according to genetic defect
(group of 175 HMSN patients)

Genetic defect
PMP 22 gene duplication
Phenotype CMT l A
PMP 22 gene deletion
Tomaculous neuropathy
phenotype (HNPP)
Cx 32 gene mutation
Phenotype CMT X
Phenotype CMT
1B
MPZ
Phenotype
mutation
Dejerine-Sottas
syndrome
Rare genotypes
Genetically uncertain
Total

Number of
Number
Thoracic
patients with
Scoliosis and
of
kyphoscoliosis hyperkyphosis spinal deformity
patients
according to
(100%)
genotype
87

24

1

25 (29%)

-

-

-

34

8

-

8 (24%)

2

-

2

2 (100%)

4

2

2

4 (100%)

5
28
175

2
4
40

5

2 (40%)
4 (15%)
45 (26%)

15
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Table 4
Group of 45 patients with spinal deformity: Classification related to severity of
spinal curve deviation (Cobb angle)

Type of deformity
Scoliosis (26 patients)
Scoliotic component
Kyphoscoliosis
(14 patients)

(frontal plane)
Kyphotic component
(sagittal plane)

Isolated thoracic hyperkyphosis
(5 patients.)

Severity of spinal curve deviation
(Cobb angle)
Number of patients
10◦ – 20◦

21◦ – 40◦

Over 40◦

10

9

7

7

4

3

40◦ – 60◦

Over 60◦

-

9

5

-

3

2

Less than
40◦
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Table 5
Character of the scoliotic curves

Direction of the
main curve
deviation
Left-sided
Right-sided
Total

Character of the scoliotic curves (n-40)
Double (n-21)
Multiple (n-4)
Single (n-15)
Main curve
Main curve

Total

Thoracic Lumbar Thoracic Lumbar Thoracic Lumbar
2
9
11

2
2
4

8
8
16

3
2
5

3
1
4

0
0
0

18
22
40
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